Objective: To synthesize findings from the published literature on the use of technology in the NICU to improve communications and interactions among health care providers, parents, and infants.
F or the parents of the nearly 280,000 newborns admitted to NICUs in the United States annually, the NICU experience is stressful and overwhelming (Osterman, Martin, Mathews, & Hamilton, 2011) . Indeed, 15% to 63% of parents have reported clinically relevant symptoms of anxiety, depression, acute stress disorder, or posttraumatic stress disorder during their infants' hospitalizations (Ahlund, Clarke, Hill, & Thalange, 2009; Carter, Garrity-Rokous, Chazan-Cohen, Little, & Briggs-Gowan, 2001 ; Lefkowitz, Baxt, & Evans, 2010; Miles, Holditch-Davis, Schwartz, & Scher, 2007; Rogers, Kidokoro, Wallendorf, & Inder, 2013; Vanderbilt, Bushley, Young, & Frank, 2009; Woodward et al., 2014) . Lasting problems such as posttraumatic stress disorder, poor coping, and depression are not uncommon (Ahlund et al., 2009; Feeley et al., 2011; Kersting et al., 2004; Shaw, Bernard, Storfer-Isser, Rhine, & Horwitz, 2013) . Further, these lasting effects may play a negative role in infant development (Carter et al., 2001; Woodward et al., 2014; Zelkowitz, Na, Wang, Bardin, & Papageorgiou, 2011) and parent-infant bonding (Nicol-Harper, Harvey, & Stein, 2007; Youngblut, Brooten, Cantwell, del Moral, & Totapally, 2013) .
Although some predictors of these problems may be caused by factors outside of our control, such as the severity of infant illness or parent demographic factors (Feeley et al., 2011; Rogers et al., 2013) , the NICU experience, specifically parents' stress regarding role alteration, may contribute to these problems (Miles et al., 2007; Woodward et al., 2014) . Factors associated with parental stress in the NICU setting, such as separation, helplessness, and inability to share the infant with other family members, may be modifiable with effective interventions.
Parents of infants in the NICU face unique challenges in maintaining physical proximity to their infants. Infants in the NICU often have prolonged hospital stays and may have restrictions imposed on visitation for a variety of reasons. Additionally, many parents may not be able to visit regularly because of employment obligations, financial strain, child care responsibilities, and geographic separation. These barriers are particularly salient for low-income families and families who reside in rural regions, because they must travel great distances to visit their infants. Finally, infants may need to be transferred to institutions with appropriate resources for high-risk infant care while the mother recovers at the hospital where she gave birth. Thus, there is increasing recognition that alternative modes to foster contact between parents and their infants, as well as with health care providers who care for the infants, is needed.
Family involvement is vital to optimize attachment between families and infants and to enhance infants' physical, cognitive, and socioemotional development (Craig et al, 2015) . Family-centered care (FCC), endorsed by the American Academy of Pediatrics and many other organizations, is based on the principles of communication, collaboration, and respect (Eichner & Johnson, 2012; Ramezani, Hadian Shirazi, Sabet Sarvestani, & Moattari, 2014) . A central tenet of FCC is the establishment of trusting relationships between caregivers and members of the health care team through optimal communication (Epstein, Sherman, Blackman, & Sinkin, 2015 A better understanding of how technology is used in NICU settings to enhance communication and interaction and the effects of this technology on parent and infant outcomes may lead to the development and testing of interventions to strengthen aspects of FCC. Ultimately, these interventions may improve parental and infant outcomes. Thus, the purpose of our integrative review was to summarize studies conducted in NICU settings by researchers who used alternative methods to enable communication and interaction among health care team members, parents, and infants.
Methods

Design
The current analysis was guided by Whittemore and Knafl's (2005) updated integrative review method, which provided a more comprehensive understanding of the concepts of interest. This approach begins with a well-defined and comprehensive literature search strategy, critical to avoid bias and increase the validity of the integrative review. Next, the search is conducted based on the outlined search strategy. Third, although critical appraisal of the literature with various methods is not a requirement of an integrative review, quality scores may help support data interpretation (Whittemore & Knafl, 2005) . During the analytic phase, a systematic approach is used to extract, code, and reduce primary sources, thereby allowing for conclusions to be made (Whittemore & Knafl, 2005) . We decided to use an integrative review method because it allows for diverse research designs and methods to be included, thereby providing a more comprehensive analysis of the use of technology in the NICU to facilitate communication and interaction. Further, given that this is an emerging phenomenon of interest, much of the literature is descriptive in nature and thus more appropriate for an integrative review than a systematic review, which often includes more rigorous clinical trials. 
Search Outcome and Study Selection
Our search yielded 57 records (see Figure 1) . The abstracts of these articles were reviewed independently for relevance and eligibility criteria by the authors. Articles that were not relevant or did not meet the inclusion criteria were discarded. Any discrepancies in study inclusion were resolved through consensus. This process resulted in 15 studies that were reviewed in entirety by the authors. Again, any discrepancies in eligibility criteria were discussed with the entire team and resolved through consensus; the result was a total of 11 studies that met eligibility criteria. Epstein, E. G. et al.
Quality Appraisal
Consistent with Whittemore and Knafl's (2005) approach to conducting an integrative review, a formal quality appraisal tool was not used. However, study limitations are addressed in Supplemental Table S1 . Although a quality appraisal tool can assist with data interpretation, the studies included in this review were quite varied in methods and largely descriptive in nature, which precluded formal appraisal. We did not exclude any studies based on critique of rigor.
Data Extraction and Synthesis
From the 11 studies that met inclusion criteria, data were extracted and organized according to the following headings: author, year, and location; study purpose and design; sample size and demographics; technology used; study findings; and limitations. The studies were divided into three groups based on target population: parent only, parent and other (health care provider or infant), or health care provider only. The first and last authors evaluated each study independently to identify common themes. They then compared findings, arrived at consensus, and tabulated the data (see Supplemental Table S1 ). Although the authors did not conduct a systematic review, they were guided by the meta-analysis of observational studies in epidemiology (MOOSE) guidelines in all aspects of the review including title, abstract, introduction, sources, study selection, results, and discussion (Stroup et al., 2000) .
Results
The primary purpose of most of the studies was to examine parents' or health care providers' perceptions of technology (e.g., Web cameras, videophone, text messages) to augment communication or interaction with health care team members, parents, or NICU infants. Other researchers described viewing habits of NICU infants by their mothers and fathers (Rhoads, Green, Gauss, Mitchell, & Pate, 2015) , examined how viewing infants influenced parental anxiety or stress (Rhoads, Green, Mitchell, & Lynch, 2015) , or evaluated the effect of Web camera viewing on NICU infants' length of stay (Yeo, Ho, Khong, & Lau, 2011) . The 11 studies included five quantitative studies (Globus et al., 2016; Gray et al., 2000; Joshi, Chyou, Tirmizi, & Gross, 2016; Rhoads, Green, Gauss, et al., 2015; Yeo, Ho, Khong, & Lau, 2011) , two qualitative studies (Lindberg, Axelsson, & Ohrling, 2009a , 2009b , and four mixed-methods studies (Epstein, Sherman, Blackman, & Sinkin, 2015; Gund et al., 2013; Piecuch et al., 1983; . Six studies were conducted in the United States, three were conducted in Sweden, one was conducted in Singapore, and one was conducted in Israel.
Eight studies were tests of interventions during the NICU admission. The three Swedish studies involved videoconferencing interventions during an "on leave" period after infants went home but were still being monitored by NICU staff. In two studies, researchers examined family perceptions of various aspects of the quality of care 1 to 5 months after discharge (Gray et al., 2000; Gund et al., 2013) . Piecuch et al. (1983) examined use of a videophone by hospitalized mothers of infants transferred to a different institution and also collected data related to the number of calls made to the NICU after mothers were discharged from the hospital.
Several different modes of technology were used. In three studies, researchers used a videophone whereby mothers in the intervention group could initiate a call to their infant's unit and a video picture was transmitted for viewing (Lindberg et al., 2009a (Lindberg et al., , 2009b Piecuch et al., 1983) . Epstein et al. (2015) and Gund et al. (2013) (Joshi et al., 2016) or Angel Eye (Rhoads, Green, Gauss, et al., 2015; , and three groups of researchers used investigator-developed systems (Gray et al., 2000; Gund et al., 2013; Yeo et al., 2011) . Globus et al. (2016) used short message services (SMS) texting with parents. The main findings from the 11 studies were categorized under three key areas of focus: (a) parents' perceptions of the use of technology for communication and interaction, (b) nurses' perceptions of the use of technology for communication and its effect on workflow, and (c) parent and infant outcomes associated with the use of technology in the NICU. More than one area of focus was captured in several studies (n ¼ 5).
Parents' Perceptions of the Use of Technology for Communication and Interaction
In eight studies, researchers evaluated parents' perceptions of the intervention on various aspects of the NICU experience, such as communication,
Technology to Support Communication in the NICU satisfaction, confidence in caring for their infants, and impressions of seeing their infants. Overall, parents' perceptions were positive, although because outcome measures and methods varied, summarizing consistent findings was difficult with one exception-parents' ability to see their infants. All researchers who explored parents' impressions of seeing their infants reported positive findings. Parents were generally appreciative of the opportunity to see their infants, believed that being able to do so reduced their stress and anxiety , or felt relief that their imagined view of their infants was worse than reality (Piecuch et al., 1983) . did find, however, that a small number of parents expressed helplessness, sadness, stress, or guilt when they saw their infants on the Webcam rather than being physically with them in the NICU. Epstein et al. (2015) found that several parents reported that videoconferencing allowed other family members such as elderly grandparents and young siblings who would not otherwise be able to visit the NICU to see the infant, which they found to be highly valuable.
Perceptions of communication and satisfaction were less consistent across studies, largely because what was evaluated varied from study to study. For example, Globus et al. (2016) measured satisfaction with one question of overall satisfaction with "treatment and staff attitude during hospitalization" (p. 2), whereas Gray et al. (2000) assessed satisfaction using the Picker Institute's NICU Family Satisfaction survey, which addresses quality of care, continuity of care, family and infant support, and confidence and trust in clinicians (Picker Institute, 2000) . Epstein et al. (2015) did not report satisfaction scores individually but as a combined score with other concepts of communication, information sharing, and relationships with staff using Penticuff's Parents' Understanding of Infant Care and Outcomes survey (Penticuff & Arheart, 2005) . In terms of outcomes, Globus et al. (2016) did not find significant differences in overall satisfaction between intervention and control groups, although significant improvement was found for some aspects of communication (see Supplemental Table S1 ). Gray et al. (2000) found that 3% of parents in the intervention group versus 13% of parents in the usual care group reported problems with quality of care and that 13% of intervention group parents reported problems with the NICU environment and visitation policy, compared with 50% of usual care group parents, suggesting significant differences between the intervention and usual care participants. Both of these findings were significantly different. Parents who used Skype or FaceTime to interact with staff reported significantly higher postintervention scores for overall views of having an infant in the NICU compared with preintervention scores (mean score ¼ 69.2, standard deviation [SD] ¼ 5.7 vs. mean score ¼ 63.2, SD ¼ 5.8, respectively; p < .001) and for scores of experiences within the last week (mean score ¼ 29.5, SD ¼ 3.2, vs. mean score ¼ 27.6, SD ¼ 2.8, respectively; p ¼ .04; Epstein et al., 2015) . Lindberg et al. (2009b) evaluated parents' perceptions of videoconferencing, and Gund et al. (2013) examined the benefit of the use of a Web application or Skype to interact with staff during the "on leave" period when the infant was at home but still being monitored by NICU staff. Parents in both studies appeared to find the interventions helpful in terms of building confidence to take care of their infants at home and providing a sense of security during that time of transition, although in both studies the sample sizes were small, and significant differences could not be evaluated because of a lack of comparison group, questionnaire design, and other methods issues.
Overall, videoconferencing that provides an opportunity for parents to see their infants appears to be helpful and meaningful to parents. Videoconferencing with staff may also be useful to parents during and after hospitalization. The usefulness of other interventions such as educational resources and Web applications is less understood.
Health Care Providers' Perceptions of the Use of Technology for Communication and Interaction and Its Affect on Work Flow
In five studies, researchers examined health care providers' perceptions of technology use in the NICU to facilitate communication or interaction with parents and NICU infants (Epstein et al., 2015; Globus et al., 2016; Gund et al., 2013; Joshi et al., 2016; Lindberg et al., 2009a) . Interventions included Skype, FaceTime, SMS texting, NICView, and videoconferencing. Parents and nurses were included in all studies except that of Joshi et al. (2016) , and only Epstein et al. (2015) included health care providers other than nurses.
Using a randomized controlled trial design, families were randomized to standard home health Epstein, E. G. et al. care, standard home health care augmented with a Web application, or standard home health care augmented with videoconferencing via Skype (Gund et al., 2013) . Nurses were asked to give daily feedback through the Web application in response to parents' questions and assessments of their infants. Additionally, nurses who cared for families in the Skype arm were asked to make regular video calls to families. Most (80%) nurses responded favorably to the use of technology to augment their services; however, one nurse, who reported the least computer experience, was "neutral" with the incorporation of technology. Most nurses (80%) thought that parents appreciated the additional contact via the Web or Skype, and two thirds of the nurses believed that the technology facilitated the provision of safe care. However, the nurse who rated herself as having minimal computer experience expressed a negative attitude about the use of information and communication technology, voicing concerns over the potential for information and communication technology to interfere with the nursepatient relationship (Gund et al., 2013) . Lindberg et al. (2009a) examined nurses' perceptions of videoconferencing to support parents after their infants were discharged from the NICU. Nurses perceived the use of technology quite favorably; they noted that videoconferencing enabled meetings with the entire family, facilitated a more comprehensive assessment of the overall home situation, and provided extra security to the family. Epstein et al. (2015) examined the feasibility and acceptability of an intervention that used Skype or FaceTime to provide daily updates from the nurse, nurse practitioner, or physician to parents. Most health care providers (94%) perceived the integration of technology to be feasible. Additionally, more than 90% of providers believed that the technology intervention was reliable to communicate updates with parents of NICU infants (Epstein et al., 2015) . Joshi et al. (2016) examined nurses' perceptions of a Web camera that allowed parents to view their infants. Nearly three quarters (72.9%) of nurses believed that having the Web camera was useful for parents. Further, nearly two thirds (64.6%) of nurses believed that parental anxiety was reduced with the use of a Web camera, although it is not clear how that was measured. Through open-ended questions, nurses expressed concerns related to work flow with the use of the Web camera, with the time it took to reposition the camera when an infant was moved as the major concern. Finally, Globus et al. (2016) also examined the effect of SMS on nurses' workflow. From their results, they reported that in the postintervention period, more than three quarters of nurses (78.1%) found SMS communication to be convenient and user friendly compared with 66% of nurses before the intervention (p < .001).
From these combined results, we suggest that health care providers, and nurses in particular, perceive the use of technology to foster communication and interaction with parents quite favorably. Concerns related to its use stemmed primarily from glitches in the various systems, including episodes of cameras freezing and blurred images, and the need to reposition cameras to facilitate views of the infants.
Parent and Infant Outcomes
Four research groups evaluated outcomes such as Webcam log-in frequency and duration, parental stress and anxiety, maternal-infant bonding, and infant length of stay. Stress and anxiety were key concepts in three studies. used the Parental Stressor Scale: NICU (PSS:NICU; Miles et al., 2007) and the State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, & Lushene, 1977) to evaluate parental stress and anxiety at the time of enrollment and at 1 and 2 weeks after enrollment in their Webcam intervention study. No correlation was found between overall PSS:NICU scores and minutes logged into the Webcam (watching infant) at any of the time points. However, a significant positive correlation was found at all three time points between the maximum number of minutes watching the infant in any one session and the PSS:NICU subscale assessing stress due to the infant's appearance, which suggested that parents' stress may increase with Webcam use. Interviews with parents clarified this finding somewhat, in that some parents who saw their infants but who could not act to comfort, change position, or intervene reported increased stress. Increased stress was expressed by a small number of parents but is worth further investigation. No relationship was found for STAI scores and any measure at any time point. Similarly, in their study of SMS texting, Globus et al. (2016) found no significant change in parents' anxiety as measured by two questions (How anxious I feel Most parents and health care providers perceived technology use to be feasible and helpful, although not all expectations were met.
Technology to Support Communication in the NICU now and How anxious I feel when I think about taking my infant home) after the intervention. However, in their qualitative interviews with parents, found that some parents expressed decreased anxiety because, for example, the Webcam allowed parents to see how their infants were doing when they could not be in the NICU with them. Other parents expressed increased anxiety when, for example, the camera was turned off, because parents tended to worry about reasons why the camera may have been turned off. examined maternal-infant bonding and Webcam use and found a significant correlation (r(8) ¼ 0.84, p ¼ .01) between bonding scores and minutes viewing infant at the last time point (2 weeks after enrollment) but not the previous two time points (at enrollment and 1 week after enrollment). However, it is unclear whether this correlation is due to Webcam use or the passage of time itself, because the number of participants at Time Point 3 was very small (n ¼ 8). Yeo et al. (2011) were the only researchers to examine Webcam use and infant outcomes such as length of stay and postgestational age at discharge, and they found no significant differences in either outcome between control and intervention group infants.
Discussion
Our review was needed because technologies to assist patients with health care needs are increasingly varied, creative, and easy to use and because identification of effective, meaningful uses of these technologies may improve FCC-a goal for quality health care (Institute of Medicine, 2001) . Parents whose infants are in the NICU are vulnerable to stress, depression, anxiety, and posttraumatic stress disorder; are entrenched in an unfamiliar environment; and participate in making decisions that affect their infants' wellbeing. Health care providers seek to guide them through NICU hospitalization and modern, easyto-use, widely available technology may help build the familiarity and trust needed to accomplish this goal.
We sought to better understand the kinds of interventions that have been tested for NICU parents, the outcomes of greatest interest to researchers, and the methods used to evaluate interventions with the goal of identifying next steps in this field. We found that a variety of technologies have been used, including investigator-designed videoconferencing and videophone, as well as commercially available modalities that are free and publicly available, such as Skype and FaceTime, or that are available for purchase by hospital systems, such as the AngelEye or NICView Webcams. Only three author groups (Epstein et al., 2015; Gray et al., 2000; Rhoads, Green, Lewis, & Rakes, 2012) discussed security measures, national or international privacy regulations, or the Health Insurance Portability and Accountability Act laws. The lack of attention to privacy is surprising given the levels of concern in the research ethics and regulatory realms. However, Skype has been used by military personnel to communicate with family members, even from highly sensitive areas such as Afghanistan (Luxton, Mishkind, Crumpton, Ayers, & Mysliwiec, 2012 Gray et al. (2000) , which included pictures of the infant, parent support tools, and educational resources, may be more effective at achieving outcomes goals. Our review showed that nurses largely support the use of technology to communicate with parents but that increased workload is a real and common concern.
Limitations
Several limitations warrant discussion. First, a quality appraisal of individual studies was not undertaken. Consistent with Whittemore and Knafl's (2005) method for integrative reviews, we Epstein, E. G. et al. included all studies meeting eligibility criteria irrespective of the rigor of the design or methods used. Although this allowed for a comprehensive review of all relevant studies, findings must be viewed in light of the limitations identified, including the relatively limited number of studies reviewed and the inclusion of studies with significant design or implementation limitations. Second, our review was limited to studies published in English. We appreciate that improvement to communications and interactions in the NICU setting is a global issue, and studies published in other languages may provide a more comprehensive assessment.
The studies included in the current review have a number of identified weaknesses (see Supplemental Table S1 ). Authors of most studies used small sample sizes and/or convenience sampling or required eligible participants to have a certain level of technologic expertise or access. These limitations can be indicative of inherent bias and restrict generalizability of the results. Additionally, many of the researchers included rather homogenous samples, which further limits generalizability. Moreover, several studies included very limited demographic information, which limits interpretation of study findings. Finally, with the exception of one study, health care provider perceptions were limited to nurses. Given the multidisciplinary nature of NICU care, researchers should include all members of the health care team for more diverse perspectives.
Implications for Practice and Research
Findings from multiple studies have affirmed parents' desires for effective communication with their infants' providers (Bialoskurski, Cox, & Wiggins, 2002; Stubblefield & Murray, 1999; Wigert, Dellenmark, & Bry, 2013) and that the NICU experience is highly stressful and may put parents and infants at risk for attachment and development challenges later (Ahlund et al., 2009; Carter et al., 2001; Feeley et al., 2011; Kersting et al., 2004; Shaw et al., 2013; Woodward et al., 2014; Zelkowitz et al., 2011 Interventions to support communication with parents and parents' interactions with infants have involved, almost exclusively, nurses as contact points or intermediaries. In terms of nursing practice, then, the workability and benefit of these interventions must be evaluated for nurses as well as for parents. Given the current shift in health care toward an interprofessional team-based approach (Chesluk et al., 2012; Manser, 2009 ) and parents' desire for communication with their infants' doctors, future studies should consider interventions that involve active input from providers in multiple professions.
Conclusion
The findings of our review provide a summary of the types of technologies used and outcomes identified thus far to promote communication and parent-infant interaction in the NICU. Because outcomes measured varied among studies, the findings were difficult to summarize and compare, but this difficulty highlights the fact that the goals of technology use to support FCC in the NICU have yet to be clearly defined. To date, researchers have focused on nurse-parent interactions, but given the current focus on teambased care, in future studies, researchers should include interventions to target multiple professions because parents interact with many providers in addition to nurses. Bundled
Interventions such as Webcams, Skype, text messaging, and online educational resources show promise in supporting communication, relieving parental stress, and promoting parent-infant attachment. 
